Abstract Incarcerated populations have relatively high HIV prevalence but little has been reported about their aggregate HIV risk behaviors or perceptions of risk. A random selection of HIV-negative men (n = 855) entering a US state prison system were surveyed to assess five risk behaviors and his self-perceived HIV risk. Using multivariate logistic regression, we identified factors associated with having elevated actual but low perceived risk (EALPR). Of the 826 men with complete data, 88% were at elevated risk. While 64% of the sample had risk perceptions concordant with their actual risk, 14% had EALPR (with the remainder at low actual but high perceived risk). EALPR rates were lower in those with a pre-incarceration HIV test but higher for those with a negative prison entry HIV test. HIV testing counseling should assess for discordance between actual and perceived risk and communicate the continued risk of HIV despite a negative result.
Introduction
Incarcerated populations are known to have a several-fold elevated HIV prevalence compared with the general population [1, 2] and, consequently, are recognized as a key population to target for HIV screening and risk reduction interventions [3] [4] [5] [6] [7] . Even within incarcerated groups, however, as with other populations with elevated rates of HIV, risks vary among individuals due to variation in their specific behaviors and their degree of exposure to others infected with HIV [8] [9] [10] [11] . Moreover, while incarcerated populations are known to be a group with higher HIV prevalence overall [1, 2, 7, 12] , less is known about prisoners' HIV risk behaviors [9, 10, 13, 14] and little has been reported regarding how they perceive their own risk [12] .
Although, on average, individuals who engage in riskier behaviors of any kind perceive themselves to be at greater risk than those who do not engage in such behaviors [15] [16] [17] [18] [19] [20] [21] , perceptions vary among individuals carrying out risky behaviors, and some may be unaware of or underestimate their risk [16, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . A few studies have assessed discrepancies between perceived and actual risks specifically for HIV [16, 24, 25] . In one study [16] assessing perceived and actual lifetime HIV risk among men who have sex with men (MSM) in six major U.S. cities, while perceiving oneself to be at elevated/moderate risk was associated with actual increased risk behavior, most men perceived themselves to be at low risk of acquiring HIV. Many, however, reported engaging in behaviors that put them at risk of HIV/STIs in the previous 6 months. In another U.S. study of nearly 6000 individuals undergoing rapid HIV testing in Philadelphia, two-thirds of those testing HIV-positive assessed their HIV risk as low or none [25] .
How much an individual perceives him or herself to be at risk of acquiring HIV can drive the desire both to be tested for HIV [16, 28, 29] and to engage in risk-reducing behaviors [30, 31] , making it an important construct to understand. The potential benefit of identifying individuals with elevated actual yet low perceived risk (EALPR) is supported by recent meta-analyses showing that one can modestly enhance risk-reducing behavior, particularly sexual behavior, by enhancing individuals' perceptions that they are at greater risk [30, 32, 33] . The significant role of risk perception in driving risk-reduction behaviors suggests that identifying EALPR individuals, and potentially targeting interventions to improve their risk perceptions, could be an effective means to reducing risky behavior in a population at elevated HIV risk. Among incarcerated individuals, there are limited data delineating both the extent to which this population engages in an aggregate of various HIV risk behaviors and their risk perceptions.
To explore factors associated with being an EALPR individual among a key population, HIV-uninfected men entering a statewide prison system, we sought to identify: (1) their self-reported HIV risk behaviors; (2) their perceived risk of HIV infection; (3) the intersection between their actual and perceived risk; and (4) factors associated with being an individual classified as EALPR. To further understand this phenomenon, we also explored factors associated with being in the elevated actual risk group and factors associated with being in the low perceived risk group, independent of one another.
Methods Study Setting and Population
To examine male prison inmates' HIV risk behavior and perceptions of their risk of HIV, we analyzed data from a parent study conducted primarily to understand prisoners' views of the prison HIV screening testing policy. In the study, conducted between April 2010 and April 2011, inmates entering one of the NC state prison system's seven adult intake centers were surveyed at the time of initial NC Department of Public Safety (NCDPS) processing, shortly after they had entered prison and their medical screening had been initiated. Approximately 24,500 inmates were admitted to the NC prison system during the study period. Further details about the HIV screening study procedures are reported elsewhere [34] .
For recruitment into the parent study, potential participants were randomly selected from a roster of inmates at each of the seven adult intake prisons. Sampling was designed so that the distribution of intake prisons among the study population reflected the distribution of prisoners found at intake prisons among all newly incarcerated inmates. Inmates were eligible for inclusion in the parent study if they were: (1) age 18 years or older; (2) Englishspeaking; (3) not housed in solitary confinement or disciplinary segregation; (4) finished with all prison health processing activities; (5) offered the opportunity to test for HIV in the last 2 weeks; and (6) able to provide informed consent to participate. Participants were demographically similar to the general prison population, as described elsewhere [34] .
After inmates provided informed consent, they completed the parent study survey in a private room at the prison. To minimize social desirability bias in inmates' responses, we administered the surveys using audio computer-assisted self-interviews (ACASI) with touch screen computers, whereby inmates could navigate the survey on their own unless they required assistance by a research assistant. The approximately 30 minute survey contained questions about demographics, incarceration and HIV testing history, substance use, mental health, sexual and drug HIV risk behaviors, attendance at an HIV course, levels of HIV knowledge and HIV-associated stigma, experiences with and perceptions of HIV testing in the prison and perceptions of individual HIV risk, among others.
To be included in the analyses presented here, participants also had to be male and HIV-negative, as determined by self-report. The study protocol was approved by the North Carolina Department of Public Safety, the Institutional Review Board of the University of North Carolina at Chapel Hill, and the Office for Human Research Protection at the U.S. Department of Health and Human Services.
Study Measures

Outcome Variables
Elevated-Risk Behavior To assess pre-incarceration HIV risk behavior, we asked a series of five questions from the Behavioral Risk Factor Surveillance Survey [35] . Four of the five questions assessed each participant's risk based on the inmate's self-reported engagement in the following acts in the 3 months before incarceration: the number of unprotected sex acts; whether or not he traded sex for money/gifts; whether or not he bought sex for money/gifts, and injection drug use. The fifth question asked the participant to indicate whether or not he had engaged in at least one of the following four specified HIV-associated risk behaviors within the past year without identifying which specific behavior(s) he had engaged in: (1) used needles to inject drugs; (2) received treatment for a sexually transmitted disease; (3) gave or received ''money, drugs, food, shelter gifts or other things you needed'' in exchange for sex; and (4) had anal sex without a condom. Because each of the behaviors assessed by these five items has been well established to increase an individual's risk of HIV [36] [37] [38] [39] [40] [41] , participants who reported engaging in an HIV risk behavior on any of the five items were considered to be at elevated risk of contracting HIV, while individuals who reported not engaging in the HIV risk behaviors on all of the five items were not considered to be at elevated risk. Individuals who did not respond to some of the questions and who did not report engaging in an HIV risk behavior on any of the four or fewer items that they did respond to were considered to be at unknown level of risk.
Perceptions of HIV Risk The extent to which participants perceived themselves to be at low risk of HIV was assessed using five questions, each on a four-point response option scale (0 = ''agree a lot'', 1 = ''agree a little'', 2 = ''disagree a little'', 3 = ''disagree a lot''), adapted and refined from a previously validated scale [42] . We assessed both the extent to which participants agreed (''a lot'' or ''a little'') with each of the individual items, and summed the total number of low perceived risk items each participant endorsed. We assessed low perceived risk by averaging participant responses for the five risk perception items, and created a risk perceptions scale from the individuals' averages ranging from 0 to 3, with ''0'' representing lowest perceived risk and ''3'' representing highest perceived risk. We defined individuals with low perceived risk (see Fig. 1 and Table 1 ), a priori, as those who: (1) responded to at least four of the five risk perception items; (2) scored less than or equal to ''1'' on the risk perception scale; and (3) did not answer ''3'' (indicating high perceived risk) in response to any of the five questions. We defined individuals with elevated perceived risk as those who: responded to at least four of the five risk perception items and scored greater than ''1'' on the risk perception scale. In addition, we categorized as ''elevated perceived risk'', those who responded to fewer than four questions but; for whom the sum of their answers to these questions when divided by four was greater than ''1''; and those who ever answered a ''3'' in response to any of the five questions, regardless of the number they answered. Individuals who were neither categorized as elevated perceived risk nor low perceived risk were classified as unknown perceived risk. 
Independent Variables
Independent variables of a priori interest include the following factors assessed via ACASI: (1) demographics (i.e., race, age, education level and marital status, using response categories specified in the 2009 Behavioral Risk Factor Surveillance Survey [35] ; (2) history of incarceration (the total number of times previously incarcerated in prison); (3) history of HIV testing: (a) whether tested before their current incarceration and (b) having received current in-prison test results back at the time of survey; (4) substance use in the 3 months before incarceration, including: (a) binge alcohol use and (b) the use of one or more illicit drugs (i.e., crack and/ or powder cocaine, methamphetamines, heroin, prescription drugs, other), excluding marijuana; (5) self-reported previous sexually transmitted infection (STI) diagnosis; (6) history of having been diagnosed with depression; (7) attendance at an educational HIV course during their current incarceration; (8) level of HIV knowledge score, calculated as the sum of 22 (true-false) items answered correctly as adapted from the Brief HIV Knowledge Questionnaire with skipped questions considered incorrect [43] ; (9) endorsement of mandatory HIV testing in prison, (10) sexual history: number of sexual partners in the last 3 months, and direct concurrency in the last 3 months.
Statistical Analyses
In the current study, we focused our analyses on the participants who were able to be classified as EALPR or Not EALPR; those who were unable to be classified were not considered for the main analysis. We first generated descriptive statistics to describe the sample population, including their HIV risk behaviors and risk perceptions.
We conducted logistic regression to investigate the associations between independent variables of interest and whether or not a participant was EALPR. To select the covariates included in the model, we estimated bivariate associations between the independent variables of interest and our main outcome, EALPR, using Mantel-Haenszel Chi square or Fisher's exact test for categorical variables, and Wilcoxon Rank-Sum test for continuous variables. The final model was fit using variables (race, age, HIV knowledge, and education level) that we considered a priori to be important based on previous studies [24, 26, 27] regardless of the results of the bivariate analyses. While we considered including the variable ''having sex with men or with both men and women'' due to its importance in previous studies, the extremely small proportion endorsing this (1.5%) would not support its use as a covariate. We also included all independent variables of interest that were associated with the outcome variable in bivariate analyses at a significance level of 0.20 and were not highly collinear. We used a similar approach to assess factors associated with being in the elevated risk group and, separately, those associated with being in the low perceived risk group in two other separate models.
To mitigate the effects of missingness in the independent variables (33 of 826 observations were missing at least one independent variable), we employed multiple imputation with 20 datasets for the models: the missing data, which followed a nonmonotone pattern, was imputed via MCMC sampling using PROC MI in SAS, leaving the binary predictors in each model unrounded to avoid bias [44, 45] . Each of the three models was fit on each of the 20 datasets, and results for each model were combined by the so-called Rubin's rules [46] [47] [48] using PROC MIANA-LYZE in SAS. To evaluate the robustness of the results, we performed sensitivity analysis to assess the effect on findings of changing the cut-off number of risk behaviors (from at least one to more than one) used to define of the EALPR outcome. All data preparation and analyses were completed using SAS 9.3 (SAS Institute, Cary NC).
Results
Description of Study Sample
Of 1812 inmates invited, 55% (1000/1812) consented to participate in the parent study and 855/1000 met the eligibility criteria for the analyses in this manuscript (were male and by self-report were HIV-uninfected).
There were 29 (3.4%) individuals of unknown EALPR status. These individuals were removed from main analysis, leaving 826 (96.6%) individuals in the sample meeting criteria to be included in the analysis.
Demographic and Other Characteristics (Table 2)
Of the 826 HIV-negative men in our study sample, 49.6% were Black, 37.2% had no high school degree or GED, 15.9% were married and the mean age was 34.0 years ( Table 2) . Few (1.5%) reported having sex with men or with both men and women. Fifty-eight percent reported having been previously incarcerated at least once. Other characteristics are summarized in Table 2 .
HIV Risk Behaviors in the 3 Months before Incarceration and Risk Perceptions (Table 3) More than half of the sample reported six or more unprotected sex acts in the 3 months before incarceration.
Regarding transactional sex, 5.7% reported receiving money or gifts for sex and 9.4% reported giving money or gifts for sex. Injection drug use in the 3 months before incarceration was reported by 8.9%. Overall, 26.6% answered ''yes'' to the combined 4-risks item (at least one of the following in last year: used needles to inject drugs; received treatment for a sexually transmitted disease; gave or received ''money, drugs, food, shelter gifts or other things you needed'' in exchange for sex; and/or had anal sex without a condom).
Of the 855 individuals, there were 171 (20.0%) individuals with low perceived risk, 669 (78.2%) individuals with elevated perceived risk, and 15 (1.8%) individuals who could not be definitively classified regarding perceived risk due to missing data. The proportion of our sample endorsing each of the individual five risk perception variables ranged from 29.5% (''Getting HIV is not something I really need to worry about'') to 77.6% (''I don't do things that put me at risk for HIV''). See Table 3 for detailed results.
Proportion of Individuals in the Elevated Actual Risk and Low Perceived Risk Groups (Table 1) As shown in Table 1 , of the 855 men in the study sample, 71.7% (613) of the sample was categorized as being at elevated actual risk of HIV as defined above, and 78.2% (669) perceived themselves to be at elevated risk. Overall, in 61.5% (526) there was concordance between reported and perceived risk; among the remainder, 15.3% (131) thought they were at elevated risk but were actually classified as low risk, and 13.9% (119) met criteria for elevated actual risk but perceived their risk to be low (i.e., EALPR). Further, as shown in Table 1 , 5.8% [50] were classified as ''not EALPR'' due to having either unclassified actual risk and high perceived risk or low actual risk and unclassified perceived risk. Lastly, 3.4% [29] were unable to be classified as EALPR or not EALPR due to having either unclassified actual risk and low perceived risk, or high actual risk and unclassified perceived risk, or both actual and perceived risk being unclassified, and were removed from the analysis, leaving N = 826 remaining individuals.
Factors Associated with Categorization in: (1) the Elevated Actual Risk and Low Perceived Risk Group; (2) the Elevated Actual Risk Group; and (3) the Low Perceived Risk Group (Tables 4, 5 ) Table 4 indicates the bivariate associations between independent variables of interest and the three outcome variables. In the multivariate model for the EALPR outcome (Table 5) , men who had ever been tested for HIV before AIDS Behav Modeling individuals' perceived risk independently from risk behaviors, we found that participants were less likely to be in the low perceived risk group if they had previously undergone HIV testing prior to this incarceration (OR = 0.62, 95% CI [0.40, 0.95], P = 0.027) or if they had used illicit substances other than marijuana 
Discussion
In this representative large sample of men entering prison, we found that a very high proportion (71.7% of the study sample) had, in the 3 months before incarceration, engaged in drug use and/or sexual behaviors that placed them at risk of HIV infection. Those men more likely to engage in risk behaviors were younger, binge drank, and were more educated. Almost 80% perceived that they were at elevated risk of HIV. However, among the approximately 20% of the study sample who perceived themselves to be at low risk, the vast majority (88%) actually reported HIV risk behaviors and comprised the EALPR group. Overall, 14% of the full study sample met criteria for EALPR. While most prisoners accurately perceived themselves to be at risk of HIV, we were particularly interested in the substantial minority with elevated actual but low perceived risk, as this group may benefit from targeting of interventions that seek to change behavior by improving perceptions of risk. We found that prisoners who had undergone HIV testing before this incarceration were less likely to be in the EALPR group and were less likely to perceive themselves as low risk. Having had a previous HIV test was not, however, associated with engaging in less HIV risk behavior. These findings suggest that counseling that occurred during community testing improved prisoner's risk perceptions but not their HIV knowledge or their behavior. In addition, those who had received their test result (all of which were negative in this sample) during this incarceration were more likely to be in the EALPR group. It is likely that, without post-test counseling, which was not provided in this setting, learning that one is not HIV-infected may make some individuals perceive themselves as being at less risk than their actual behaviors indicate.
Our findings also suggest that interventions that provide tailored information during post-test counseling regarding one's HIV risk may improve the accuracy of individuals' risk perceptions and potentially thereby reduce risk behavior. HIV testing counseling should also include assessments of discordance between actual and perceived risk and messaging regarding continued risk of HIV acquisition despite a negative result. It is noteworthy that These results, combined with the findings in our study that hard drug usage was also associated with perceiving oneself to be at higher HIV risk, suggest that prisoners may need even more counseling regarding their risk from sexual risk behaviors than regarding their drug use and that those who are not involved in illicit substance use should be targeted as individuals who may underestimate their risks. Drug and alcohol use, however, are still important to address among this target population, and warrant efforts to improve understanding not only of risky sexual behavior but also of the link between substance use and risky sexual behavior. In addition, we found a trend, consistent with other studies [30] , that older prisoners were less likely to misperceive their risk. Sheeran et al. meta-analysis showed that improving the accuracy of individuals' perceptions of risk can increase risk-reducing behaviors.
However, our finding that HIV knowledge alone was not associated with having better perceptions of risk suggests that multipronged, tailored approaches may be needed to enable an individual to apply general HIV knowledge to their own circumstances in the process of perceiving their own risk. Other investigators, such as Brown et al. [49] as well as van der Plight [50] have indicated that risk perceptions are also influenced by antecedents other than actual behavior or knowledge, including cognitive processes, such as a tendency toward denial, the use of social distancing [49] , and optimism bias, which may vary based on perceived personal control, personal experience, and the perceived risk of a peer group to which one compares one's self [50] . Brewer et al. and others [15, 49, 51] have demonstrated that the causal relationship between risk perceptions and health behavior is complex. While we cannot assume a causal direction for this group in this cross-sectional study, it is possible that, for some participants, their high perceived risk had influenced them to minimize their risk behaviors. To our knowledge, only two other large studies in the US have sought to characterize the degree to which individuals engaging in HIV risk behaviors are unaware of their risk. In their study of factors influencing MSM to undergo HIV testing, MacKellar et al. [16] assessed perceived and actual lifetime risk among 2788 participants in the second phase of the multi-city Young Men's Survey. Those who perceived themselves to be at elevated or moderate HIV risk engaged in greater risk behaviors than those who did not have these perceptions. The majority (74%) of the full sample, however, perceived themselves to be at low risk of acquiring HIV over their lifetime, although many of the men perceiving low risk reported engaging in behavior that put them at significant risk of HIV/STIs: 46.7% reported C20 lifetime male sex partners; in the prior 6 months, 32.1% reported C4 male sex partners; 7.6% had unprotected anal intercourse with male partners of unknown HIV status; and 21.3% had been diagnosed with an STI. Further, among the full sample, 267 (*10%) were HIV-infected and were unaware of it: half of these individuals perceived themselves to be at low lifetime risk of HIV acquisition. In another U.S. study of 5871 individuals undergoing rapid HIV testing in Philadelphia, among the 62 (1.1%) who tested HIV-positive, two-thirds assessed their HIV risk as low or none [25] , although the vast majority reported using condoms inconsistently and many had multiple sexual partners. Like ours, these studies document that discrepancies exist between actual and perceived risk among some individuals at elevated risk for HIV.
Investigations by Mills, Britain, Reyna, and Estrada indicate another mechanism by which inaccurate risk perceptions may occur. They found that perceived risk can be either positively or negatively associated with actual risk, depending on how an individual processes one's risk. Individuals with a high perceived risk were more likely to engage in a risky behavior if they processed their risk perception globally or qualitatively (i.e., using what Reyna refers to as a ''gist approach'' in which they understand the ''gist'' of their risk but not the exact extent or nature of the risk) and less likely to do so if they processed using quantitative thought processes, such as risk-benefit analysis [52, 53] . These findings suggest that helping individuals assess their risk using quantitative central cognitive processes could reduce discrepancies between perceived and actual risk, thus decreasing participation in risky behaviors among high-risk individuals. Providing HIV knowledge information that is quantitatively based and individually tailored may assist this process. Studies also show that one's self-efficacy, or confidence, to reduce risk is an important determinant of behavior [30, 54] , and interventions aimed at enhancing self-efficacy and skills to reduce risk related to sexual settings may be useful. Moreover, enhancing self-efficacy may act synergistically with improving accuracy of risk perceptions [30, 55] to reduce risky behavior, particularly among the EALPR group.
The fact that most prisoners were at elevated risk, were aware of their risk, and yet continued to engage in HIV risk behaviors also suggests that interventions to reduce risk are very much needed among incarcerated men, but that interventions need to be tailored. Interventions that focus on self-efficacy, rather than solely on enhancing risk perceptions, may be more beneficial for these individuals who recognize yet continue to put themselves at risk. In addition, other factors not assessed here, such as a history of trauma, social networks, domestic violence, food insecurity, other stressors, or environmental factors, may hinder an individuals' motivations or abilities to reduce their risk behaviors, even when they are aware of their risk. As Mills and Reyna's work suggests, it is also possible that these individuals, while aware of their risk, process their perception more qualitatively and that they could benefit, not from increased knowledge, but rather from assistance learning to process risk information differently. Future studies are needed to tease apart, prospectively, the relative influences of HIV knowledge, risk perceptions, cognitive processes of risk and, other factors, such as self-efficacy, that may change risk behavior among key populations.
Our study has several limitations. First, its cross-sectional design precludes drawing conclusions regarding causal associations due to temporal ambiguity among the variables. Future prospective studies are needed to determine whether tailored post-test counseling can improve the accuracy of risk perceptions among incarcerated individuals. Second, our use of self-reported data to assess risky behavior may be inaccurate; however, our use of ACASI surveys to collect data likely mitigated social desirability bias to some extent. Moreover, 71.7% of the participants in this study reported engaging in HIV risk behaviors, which suggests that participants felt comfortable reporting many risk behaviors. That said, we suspect that the 1.5% who reported engaging in sex with men is an underestimate of actual risk given that general population estimates are 5% or greater [56] and hence our findings may be unable to identify factors most likely to be associated with high risk men who have sex with men (MSM) having a low perceived risk of HIV. Third, because 29 individuals (3.4%) were unable to be classified as EALPR or Not EALPR, some selection bias may have been introduced into our study. This study also has several strengths: As far as we are aware, this is the first study to investigate risk perceptions and the accuracy of such perceptions among a large representative statewide sample of prisoners. Moreover, we used a conservative method, in line with methods of other studies of risk perceptions [16] , to identify individuals who engage in at least one HIV risk behavior yet perceived themselves to be at low risk of HIV. Sensitivity analyses (see Appendix) demonstrated the robustness of our findings to changes in the cut-off used to determine risk (at least 1 risk behavior versus more than 1 risk behavior).
The findings reported here provide insight into the HIV risk behaviors and perceptions of HIV-negative men incarcerated in a state prison system. Our findings confirm that most prisoners engaged in behaviors that placed them at risk of HIV infection in the months leading up to incarceration. Most prisoners accurately perceived that they were at risk of contracting HIV. The nearly one in six who were at risk but did not perceive being at risk (EALPR individuals) were less likely than the others to have had an HIV test before this incarceration and did not have greater HIV knowledge, suggesting that tailored post-test counseling to determine and enhance the accuracy of their perceptions could be a first step toward reducing risky behavior.
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